characterized (Makino et al., 1998; Burland et al., 2002; Lim et al., 2007a) . These include potential virulence factors, such as an enterohemolysin (ehxA), a type II secretion apparatus (etpC to -O), a serine protease (espP), a catalase-peroxidase (katP), a potential adhesion (toxB), attaching and effacing gene-positive conserved fragments (ecf), and a Cl esterase inhibitor (stcE) (Yoon and Hovde, 2008) . Although, several studies show that pO157 genes contribute to both bacterial adherence in cell culture, survival in vitro, and colonization and persistence in cattle (Tatsuno et al., 2001; Lim et al., 2007b) , the biological significance of pO157 has not been fully demonstrated.
Our previous work compares outbreak E. coli O157:H7 strain ATCC 43894 (43894) and an isogenic pO157-cured strain (43894-Cu, previously called 277) (Lim et al., 2007b) . The 43894-Cu strain is more resistant to acid and bile and survives passage through the bovine GIT better than wild-type 43894, but does not colonize cattle at the RAJ mucosa as well as wild-type 43894. Many proteins, related to survival in salvage conditions are differentially expressed between 43894 and 43894-Cu. Among them, tryptophanase and glutamate decarboxylase isozymes are both increased by deletion of the pO157, suggesting that the pO157 regulates some chromosomal genes.
To determine if the established role of the pO157 in strain 43894 was similar in another well characterized E. coli O157:H7, we analyzed its role the E. coli O157:H7 Sakai. The pO157 from 43894 was sequenced and compared to the known sequences of the pO157 from Sakai. The wild-type and the pO157-cured mutant strains of ATCC 43894 and Sakai were compared for growth/survival in 1,920 conditions using high throughput phenotypic microarray technology (PM) and Sakai and Sakai-Cu were tested for (i) survival in acidic conditions, (ii) survival and persistence in cattle following an oral challenge of bacteria, (iii) growth rates and tolerance to salt and heat, (vi) antibiotic susceptibilities and motilities, and (v) gene expression related to acid resistance and motility.
Materials and Methods

Bacterial strains, media, and growth conditions
Bacterial strains used in this study are listed in Table 1 . Southern-blot hybridization with a probe for the pO157-specific hemolysin gene confirmed loss of the pO157. All bacteria were grown in LuriaBertani (LB) media (pH 7.5) unless otherwise indicated. D-Sorbitol MacConkey agar supplemented with 0.1 mg/ml 4-methylumbelliferyl--D-glucuronide (MUG), 50 µg/ml cefixime, 2.5 µg/ml potassium tellurite, and 40 µg/ml vancomycin (SMAC-CTVM) was used to culture E. coli O157:H7 strains from bovine samples as previously described (Rice et al., 2003) . Trypticase Soy Broth (TSB; BBL/Becton Dickinson, USA) was used for enrichment culture of bovine samples, acid resistance assays, and heat tolerance assays. M9 minimal medium containing 0.4% glucose was used for growth and salt tolerance assays.
Sequencing of pO157
The pO157 DNA was prepared using the Qiagen Plasmid Maxi kit (QIAGEN, Germany) from an overnight culture of 43894. The crude pO157 was purified by a cesium chloride/ethidium bromide ultracentrifugation (Sambrook and Russell, 2001 ). The pO157 DNA was sequenced using the conventional shotgun sequencing approach adopting standard protocols developed previously (Wood et al., 2001; Hendrickson et al., 2004) . Briefly, a small 2.5-3.5 kb insert library was generated by blunt-end ligation into the pUC19 vector. Random clones were picked directly into a freezing medium and the DNA was prepared by rolling circle amplifications protocols per the manufacturer's recommended (Amersham Pharmacia Biotech, USA). The plasmid DNA thus prepared was end-sequenced using 1/32 nd BDT v3.1 (ABI) reaction chemistry and the sequencing reactions were run on 3730 XL capillary sequencers per the standard protocols. The data was processed and assembled using PHRED/PHRAP software tools and the assembled sequences were displayed using CONSED software tools. The gaps between the two contigs were sequenced using primers based on the sequences of both end of two contigs. The pO157 sequence of 43894 was compared with the published sequence of ATCC 43895 and Sakai using the web-based align program (http://blast.ncbi.nlm.nih.gov/bl2seq/wblast2.cgi).
Genotyping by multiplex PCR
Stx-encoding bacteriophage insertion site genotyping was determined as described by Besser et al. (2007) . Briefly, two multiplex PCR reactions each with three different PCR primer sets (one for stx1, yehVL, and wrbAR and the other for stx2, yehVR, and wrbAL) were performed. The following thermocycler parameters were used: 1 cycle of pre-denaturation (95°C, 5 min); 35 cycles of denaturation (95°C, 30 sec), annealing (58°C, 45 sec), and extension (72°C, 2 min); and Rice et al. (2003) a Stx-encoding bacteriophage insertion site genotypes (Besser et al., 2007) . b genotype 3, a principle genotype of human clinical isolates. c genotype 6, a bovine-biased genotype. d Plasmid deletion was confirmed by Southern-blot hybridization with a pO157-specific gene probe and chromosomal DNA integrity was confirmed by PFGE.
1 cycle of final extension (72°C, 10 min). The PCR products were analyzed by gel electrophoresis using 1.2% agarose and 0.5 TBE buffer and ethidium bromide staining.
Acid resistance
Acid resistance in synthetic bovine gastric fluid (SGF) was determined as described previously with minor modifications (Lim et al., 2007b) . SGF was prepared with 0.15% bovine bile and adjusted to pH 2.0. Bacterial cells were grown at 37°C in LB broth, inoculated into 10 ml of fresh SGF (10 8 CFU/ml), and incubated at 37°C without shaking. Samples were cultured by direct plating on LB agar after 0.5, 1, 2, 3, and 4 h to determine the numbers of surviving cells.
Bovine oral challenge
All procedures involving animals were performed under guidelines approved by the University of Idaho Animal Care and Use and Biosafety Committees. Four 8-to 9-month old Holstein steers were used in a co-challenge method as described previously (Lim et al., 2007b) . Briefly, steers received a single dose of a bacterial mixture containing 1.0×10
10 CFU Sakai and 1.0×10 10 CFU Sakai-Cu. RAJ mucosal swab (RAMS) samples were collected into 3 ml TSB from each steer twice a week and plated directly onto SMAC-CTVM agar. After 18 h incubation at 37°C, sorbitol-and MUG-negative colonies were confirmed to be O157 by latex agglutination (Pro-Lab Diagnostics, Canada). The O157 colonies were differentiated as Sakai or Sakai-Cu by PCR with primers for the pO157-specific gene, ecf1 (Lim et al., 2007b) .
Bacterial growth
Growth rates of bacterial strains were monitored with a Bio-Tek Power Wave XS reader and KCjunior software. Bacteria were grown in LB broth at 37°C or in M9 minimal medium at 25°C. After 1:1,000 dilutions into fresh LB broth or M9 minimal medium, cells were inoculated to a 96-well plate and incubated with continuous shaking. Optical densities at 600 nm were measured every h for 24 h for the plates incubated at 37°C or for 48 h for the plates incubated at 25°C.
Heat and salt tolerance
Bacteria grown in LB broth at 37°C for 18 h were diluted to 10 5 CFU/ml and 10 µl of diluted cultures were transferred into 1 ml of fresh TSB prewarmed to 55°C or to 1 ml of M9 minimal medium containing 2.5 M NaCl (15%). Cells were exposed to 55°C for 1 h or to 2.5 M NaCl at 25°C for 24 h. The number of surviving cells was determined by plating on LB agar.
Antibiotic susceptibility test
Antibiotic susceptibility was performed by the standard Kirby-Bauer method (Bauer et al., 1999) 
Motility assay
Single colonies from cells grown on LB agar were stabbed into 0.3% soft agar with a sterilize toothpick and incubated at 37°C for 8 h or at 24°C for 18 h, respectively. The diameter of the motility halo was measured after incubation.
Real-time PCR
Bacterial cells were grown in M9 minimal media and collected by centrifugation at 3,000 g at 4°C. Total RNA was isolated with the RNeasy kit (QIAGEN) and cDNA was synthesized using Superscript II reverse transcriptase and random hexamers according to the manufacturer's guidelines. The Primer Express program version 2.0 (Applied Biosystems, USA) was used to design primers for gadA, gadX, rpoS, fliC, and fliD. The expression level of the16S rRNA gene was used for normalization of results. The real time PCR reaction was performed using the ABI Prism 7500 real-time PCR system (Applied Biosystems) with a SYBR green I master mix. Results of reactions were analyzed using sequence detector systems software version 1.2.2 (Applied Biosystems).
Phenotypic Microarray (PM)
The PM analysis was performed by Biolog Inc. (USA). The PM assay consists of twenty 96 well PM panels (PM 1-20) and tests bacterial growth/survival in 1,920 conditions. PM1 to PM8 tested for utilization of metabolites including a particular carbon, nitrogen, phosphate, or sulfur source, PM9 tested for growth in various osmolytes, PM 10 tested for growth in different pH conditions, and PM 11 through PM 20 tested for sensitivities to antibiotics and chemicals. Briefly, single colonies from each strain, grown on agar plates, were suspended in inoculating fluid containing a patented redox dye. Bacterial cell suspensions were transferred into PM panels and incubated in the OmniLog incubator reader. Bacterial growth/survival was assessed by the color change from the reduction of the redox dye and the color intensity was measured for 24 h. Wells without substrate that theoretically result in no signal were used as negative controls in each PM panel. Data were analyzed with Omnilog-PM software from Biolog.
Statistical analysis
The Student's t test or one-way ANOVA were used to determine differences among E. coli O157:H7 strains.
Results and Discussion
To determine genotypic differences among the wild-type E. coli O157:H7 strains used in this study, Stx-encoding bacteriophage insertion site analysis was performed as described by Besser et al. (2007) . E. coli O157:H7 WSU180, a bovine isolate was used as an additional strain tested to analyze phenotypic diversity among wild-type strains. The two outbreak-associated strains, 43894 and Sakai, were genotype 3 and the bovine isolate, WSU180, was genotype 6 (Table 1) . Genotype 3 is one of the principle genotypes among human clinical isolates and genotype 6 is a bovine-biased genotype, rarely associated with human disease (Besser et al., 2007) . The method used to delete pO157 did not alter the chromosome of 43894 or Sakai. Previously we described that curing pO157 from 43894 did not damage chromosomal DNA (Lim et al., 2007b) . No differences in Sakai-Cu chromosomal DNA compared to wild-type DNA were detected following analysis by standard restriction digestion and DNA fragment separation using pulse-field gel electrophoresis (data not shown).
The 43894 pO157 was sequenced for comparison with the known Sakai pO157. The pO157 is considered a putative virulence factor of E. coli O157:H7 and is relatively well conserved, but genetic diversity (heterogeneities) are observed (Zhang et al., 2006; Wu et al., 2008) . There are also slight variations in the size of pO157 among E. coli O157:H7 isolates ranging from 92 to 104 kb (Schmidt et al., 1996) . The full sequence of pO157 from 43895 (92,077 bp) and Sakai (92,721 bp) were previously determined Burland et al., 2002) . It is known that there is high homology between 43894 and the sequenced 43895 (Burland et al., 2002) , but for detailed comparison, the pO157 from 43894 was sequenced. The shotgun sequencing of pO157 from 43894 yielded two large contigs of 83,505 and 7,057 bases for a combined size of 90,645 bases. The sequence was identical to the pO157 from 43895 (data not shown). However comparison with the pO157 from Sakai showed that the Sakai pO157 possessed an extra 644 bp encoding one hypothetical gene. This extra gene is located between the genes for resolvase and transposase (IS629) in Sakai pO157 and shows 84% sequence homology in many cloning vectors. This suggests that the extra gene is likely not related to virulence mechanisms or structural functions.
Acid resistance may be important for bacterial survival, particularly for passage through the acidic stomach or for survival in foods with low pH (Lin et al., 1996) . Diversity in acid resistance among wild-type E. coli O157:H7 strains is well known (Benjamin and Datta, 1995) . To characterize acid resistance and the role of the plasmid among the strains in this study, the ability to survive in conditions with acid and bile were examined.
Our previous study shows that the removal of pO157 from 43894 confers better survival of this strain in SGF, pH 2 (Lim et al., 2007b) . To test for a similar phenotypic change in Sakai, the isogenic mutant Sakai-Cu was compared with Sakai wildtype for survival in SGF (pH 2). Both Sakai and Sakai-Cu survived well in SGF for 1 and 2 h, but Sakai-Cu survived better than Sakai (P<0.05) at both time points and after 3 h incubation when no wild-type Sakai survived, some Sakai-Cu survived (Fig. 1A) . Sakai-Cu was more resistant to synthetic bovine gastric fluid than wild-type Sakai. Thus, for both Sakai and 43894, the deletion of the pO157 resulted in increased acid resistance (Lim et al., 2007b) . We compared the acid resistance of Sakai-Cu and 43894-Cu in SGF (pH 2). During the first 2 h, ~20% more Sakai-Cu survived than 43894-Cu and by 4 h no 43894-Cu were recovered, but some Sakai-Cu survived (data not shown). We found varied acid resistance between wild-type 43894 and wild-type Sakai. To characterize this difference, three wild-type strains, 43894, Sakai, and WSU180 were compared in a survival assay using SGF at pH 2 to mimic the conditions in the bovine gastric abomasum. After 30 min, all three strains survived, but 43894 showed significantly lower survival compared to Sakai or WSU180 (P<0.05). After 1 h in SGF, no surviving 43894 were recovered, but both Sakai and WSU180 survived well and similarly after 1 h (P=0.98) and after 2 h (P=0.13). No bacterial strain survived after 3 h in the SGF (Fig. 1B) .
These results support our previous hypothesis that genes on pO157 influence acid resistance by regulation of chromosomal genes (Lim et al., 2007b) . Three basic systems for acid resistance in E. coli have been determined, but they are complex and the regulation and interplay of the acid resistance systems are not fully understood (Foster, 2004) .
Even though 43894-Cu has an advantage over wild-type 43894 in surviving passage through the abomasum (bovine gastric stomach), we showed previously, that 43894-Cu did not colonize cattle as well as wild-type 43894 at the RAJ mucosa (Sheng et al., 2006; Lim et al., 2007b) . We hypothesized that pO157 in 43894 might affect gene expression(s) related to colonization or persistence through regulation of chromosomal DNA. Here, we investigated the difference between Sakai and Sakai-Cu for the ability of colonization and persist in cattle. An oral bacterial challenge method was used so that both the ability to survive passage through bovine GIT and the ability to colonize and persist at the RAJ mucosa could be assessed. Four Holstein steers received a single dose of equal numbers Post-treatment Fig. 1 . The survival of E. coli O157:H7 strains in acidic conditions with bile. Comparison of wild-type E. coli O157:H7 Sakai (Sakai) and an isogenic pO157-cured strain (Sakai-Cu) (A) and comparison of three wild-type E. coli O157:H7 strains (B). Bacteria were exposed to SGF, pH 2.0, for 4 h (A) or 3 h (B) at 37°C. The numbers of surviving bacteria at the times shown were determined by direct plate count on LB agar. Asterisks indicate no growth. Log % survival Log % survival of both Sakai and Sakai-Cu, and were monitored for carriage of each bacterial strain by RAMS direct culture. All cattle carried the bacteria for the 56 day duration of the trial with values near 10 2 CFU/swab (Fig. 2) . The average number of Sakai-Cu recovered from RAMS samples were lower at every sampling day compared to the number of wild-type Sakai (data not shown) so that the average percentage of the SakaiCu isolates was lower than wild-type (Fig. 2 ) and the differences were significant on days 1, 4, 7, and 35 (P<0.05). This finding is in agreement with our previous results with 43894, which indicate that the pO157 is a colonization factor for bacteria in cattle (Sheng et al., 2006; Lim et al., 2007b) .
However, unlike 43894-Cu that did not persist in cattle as long as wild-type 43894, Sakai-Cu persisted for the duration of the experiment. This difference between the two pO157-cured strains (43894-Cu and Sakai-Cu) might be due to differences in the inherent acid resistance of the two parental wild-type strains (43894 and Sakai) or other chromosomal differences. All E. coli O157:H7 strains have similar fundamental chromosomal backbones but there is genetic diversity among strains (Wu et al., 2008) . Recently Vanaja et al. (2009) reported that virulence factors including the pO157 genes showed increased expression in E. coli O157:H7 isolates from clinical genotype 1 compared to those from bovine genotype 5. Both genotypes possess the pO157 but the expression levels of genes on pO157 were different. Therefore even though the pO157 genomic sequences are identical, the effect(s) of pO157 may differ among E. coli O157:H7 strains due to differences in chromosomal DNA sequences or gene expression.
One acid resistance mechanism in E. coli O157:H7 is the rpoS-dependent system in which rpoS regulates not only acid resistance, but also heat-and salt-tolerance (Cheville et al., 1996) . Previously we showed that the enhanced acid resistance in 43894-Cu is linked to the synthesis of glutamate decarboxylase, but that there was no difference in growth, heat-or salt-tolerance between 43894 and 43894-Cu (Lim et al., 2007b) . Growth of Sakai and Sakai-Cu were indistinguishable in rich LB broth or in M9 minimal media at 37°C (24 h) or 24°C (48 h) (data not shown). Also, heat-and salt-tolerance assays showed no significant difference (P>0.05) between Sakai and Sakai-Cu (data not shown). Thus, as in 43894 (Lim et al., 2007b) , the pO157 in Sakai did not influence growth kinetics or heat-and salt-tolerance.
We compared strains for susceptibility to 28 different ant ibiotics. Sakai-Cu was more resistant than wild-type Sakai strain to 13 different antibiotics (Fig. 3) . Among these 13 antibiotics, the susceptibility to chloramphenicol (C) and cefpodoxime (CPD) was changed from susceptible to intermediate, and to carbenicillin (CB) was changed from intermediate to the resistant category. Chloramphenicol is a bacteriostatic antibiotic and prevents protein systhesis. Cefpodoxime and carbenicillin are resistant to -lactamase and prevent cell wall synthesis. Other antibiotics for which Sakai and Sakai-Cu had differential resistance include -lactam, quinolone, and tetracycline antibiotics. There was no common mechanism among the antibiotic resistance/sensitivities influenced by the pO157. This result was not consistent with the previous findings with 43894-Cu. No antibiotic susceptibility differences were found between 43894 and 43894-Cu (Lim et al., 2007b) .
The observations that Sakai-Cu survived SGF and had increased resistance to various antibiotics compared to wildtype suggested that plasmid loss affected membrane structure. Since motility can be associated with a variety of membrane functions, we examined Sakai and Sakai-Cu for growth on standard swarm plates. As shown in Fig. 4 , at 37°C, Sakai-Cu swarmed to 27 and 65 mm in diameter after 12 h and 18 h incubation, respectively. This was ~30% less that the distances measured for wild-type Sakai movement (P<0.05). Sakai-Cu showed a similar decreased motility at 25°C (Fig. 4; P<0.05) . 10 CFU containing both Sakai and Sakai-Cu. RAMS samples were cultured by direct plating onto SMAC-CTVM and sorbitol-negative MUG-negative colonies were confirmed to be the O157 serotype by latex agglutination. Isolates from each sample were sub-cultured and differentiated as Sakai or Sakai-Cu by PCR. Line height on each day represents the average number of total E. coli O157:H7 recovered from the steers expressed as log CFU/swab. Bar height represents the average percentage of Sakai-Cu in the total number of E. coli O157. There was no significant difference in motility between 43894 and 43894-Cu (data not shown).
The expression of more than 50 genes is required for the motility phenotype and some of these are regulated by environmental signals (Sperandio et al., 2002) . Low pH downregulates motility via the H-NS protein (Soutourina et al., 2002) . Therefore, there might be a link between the increased acid resistance and reduced motility phenotypes that occur with the deletion of pO157 in Sakai.
To correlate relative gene expression with increased acid resistance and reduced motility phenotypes, quantitative realtime PCR (qRT-PCR) was conducted. The relative expression of three genes related to acid resistance, gadA, gadX, and rpoS, and two genes involved in flagella production, fliC and flhD, were compared between wild-type and pO157-cured strains. All experiments were performed at least in triplicate and Ct data was normalized to 16S rRNA as an internal control. There was a significant difference in gadA (4.84 0.57 and 0.67 0.61) and rpoS (3.12 0.65 and 1.74 0.53) expression between 43894 and 43894-Cu in the Ct value, respectively (P<0.05). Therefore, we concluded that the expression of GadA was increased in 43894-Cu and it might be related to RpoS expression which is a well-known global regulator. However, although differences in expression of fliC and flhD in 43894 and differences in expression between Sakai and Sakai-Cu were measured among all five genes tested, these differences were not statistically significant (data not shown). It may be that PM was a more sensitive method to detect differences than qRT-PCR or that more complex mechanisms were involved in the phenotypic changes after the loss of pO157 in Sakai.
Among the assays for growth, acid resistance, survival and colonization of the bovine GIT, motility, heat and salt tolerance, and antibiotic susceptibility, the loss of pO157 showed effects on phenotypes that included similar and dissimilar effects between E. coli O157:H7 strains. To efficiently compare phenotypic changes associated with the deletion of pO157, we used a high throughput PM which tests 1,920 cellular phenotypes simultaneously (Bochner et al., 2001; Zhou et al., 2003) . Mukherjee et al. (2008) used this technique to identify outbreak E. coli O157:H7 isolates associated with contaminated spinach, as unique in utilization of N-acetyl-D-galactosamine and showed that this strain phenotype could be a biomarker for a survival advantage associated with the food or with enhanced pathogenicity.
The phenotypes of E. coli O157:H7 strains were analyzed and all PM results are shown in Supplementary data Table 1 . Phenotypic differences between wild-type and pO157-cured strains are shown in Table 2 (43894 vs 43894-Cu) and Table 3 (Sakai vs Sakai-Cu). There was no difference in the utilization of carbon sources; however, interestingly, growth of 43894-Cu was increased compared to 43894 on nitrogen sources including tryptophan (Trp), tyrosine (Tyr), or phenylalanine (Phe). This suggests that pO157 in 43894 influences either the cleavage of these dipeptides, the metabolism of the corresponding amino acids, or both. Previously we reported that 43894-Cu had increased tryptophanase expression that may be related to the utilization of Trp (Lim et al., 2007b) . The metabolisms and transports of the aromatic amino acids are closely related and indicate that all may be influenced similarly by the O157 plasmid. The differences between Sakai and Sakai-Cu were mostly due to changes in chemical sensitivities, as shown in Table 3 . When differences were detected Sakai-Cu grew better than Sakai in most chemical stress conditions but not in vancomycin, hygromycin B, Nitrofurazone, poly-L-lysine, tinidazole, orinidazol, or aparamycin. These results were consistent with the antibiotic susceptibility tests in which Sakia-Cu was more resistant than wild-type (Fig. 3) . The PM assay detected differential growth between 43894 and 43894-Cu in the presence of several antibiotics (Table 3, Chemical section) for which no differences were detected by the antibiotic disk susceptibility tests. This may be due to the antibiotic concentrations tested. The discs use clinically relevant concentrations while each antibiotic was tested in the PM assay using four different concentrations. Most differences measured by the PM assay were at either the lowest or the highest antibiotic concentration (Supplementary data Table 1 ). This result showed that the pO157 in Sakai influenced various chemical sensitivities. To find the mechanisms of various phenotypic changes, a more extensive analysis with each chemical substrate is needed.
Unexpectedly there was little similarity between the effects measured in two E. coli O157:H7 strains after the loss of pO157 even though the two plasmids were 99% identical. Since genotypic diversities among E. coli O157:H7 isolates are well known, we performed the PM assays with three wild-type strains, 43894, Sakai, and WSU180 to determine phenotypic diversities among these strains. The three wild-type strains grew similarly in 840 of the 900 nutrient sources tested that included various carbon, nitrogen, sulfur, and phosphorus sources. The differences in utilization of nutrient sources are shown in Table 4 . No pattern of differential nutrient source metabolisms among the wild-type strains was identified except for the utilization of dipeptide nitrogen sources. Compared to Sakai and WSU180, 43894 grew less well when dipeptide sources contained aromatic residues such as Trp, Tyr, or Phe. In contrast, 43894 grew better than Sakai or WSU180 when other dipeptides nitrogen sources were supplied. The three wild-type strains grew similarly in more than 1,000 other conditions such as osmotic pressure, pH, and chemical sensitivity (see Supplementary data Table 1 ). The differences in growth under various stress conditions among the wild-type E. coli O157:H7 strains are listed in Table 5 . In general, 43894 was more resistant than Sakai or WSU180 to most stress conditions, however, Sakai grew better than the other two when furaltadone, 2-phenylphenol or tinidazol were applied, and WSU180 grew better than the other two strains when 1-chloro-2,4-dinitrobenzene, peperacillin, or sodium orthovanadate were added. The phenotypic diversity among wild-type E. coli O157:H7 strains can be one explanation for the different effects of pO157. 43894-Cu showed increased growth with Trp, Tyr, or Phe but Sakai-Cu not. The pO157 in Sakai may affect usage or transport of aromatic amino acids similarly in 43894, but phenotypic changes in Sakai-Cu are not as easily distinguished as in 43894-Cu because Sakai uses these aromatic amino acids more efficiently than 43894 to begin with. The same reasoning may explain the enhanced antibiotic resistance measured in Sakai-Cu but not 43894-Cu. Further studies to test this hypothesis are ongoing in our laboratory. Also, although total DNA concentration does not usually effect transcription and we did not test for it, another mechanism to explain phenotypic change may involve global influences of the pO157 on RNA polymerase distribution.
The genomic diversity among E. coli O157:H7 isolates has been described and some differences have been linked to virulence (Ohnishi et al., 2002; Ogura et al., 2006 Ogura et al., , 2007 Zhang et al., 2006; Manning et al., 2008; Wu et al., 2008) . However, a systematic analysis of E. coli O157:H7 phenotypic diversity has not been done previously. An important aspect of E. coli O157:H7 fitness likely includes its ability to survive and persist in a variety of environments including animal hair coats, soils, farm water troughs, and acidic conditions (Yoon and Hovde, 2008) . The ability of the bacteria to utilize various substrates likely plays a key role in survival and growth in different environmental niches. Several studies have discussed the role of pO157 in virulence and shown pO157 genetic diversity among strains using DNA microarray or PCR-based techniques (Ohnishi et al., 2002; Zhang et al., 2002; Wu et al., 2008) . In this study, we showed the loss of pO157 had the common phenotypic effects of increased acid resistance and reduced colonization of cattle for Sakai and 43894 strains. However, using PM technology, we found a large number of phenotypic changes that accompanied the loss of pO157 that were not common between Sakai and 43894. These differences occurred despite the identical (except for one gene) DNA sequences of (43894) -, bacteria grew the same or less than the negative control which was a well without substrate. +, bacteria grew 1-to 2-fold more than the negative control. ++, bacterial grew 2-to 3-fold more than the negative control. +++, bacteria grew >3-fold more than the negative control. -, bacteria grew the same or less than the negative control which was a well without substrate. +, bacteria grew 1-to 2-fold more than the negative control. ++, bacterial grew 2-to 3-fold more than the negative control. +++, bacteria grew >3-fold more than the negative control. -, bacteria grew the same or less than the negative control which was a well without substrate. +, bacteria grew 1-to 2-fold more than the negative control. ++, bacterial grew 2-to 3-fold more than the negative control. +++, bacteria grew >3-fold more than the negative control. the pO157. Nonetheless, E. coli O157:H7 strains that have lost the pO157 would likely be less virulent. Adherence and colonization ability are important characteristics for pathogenic bacteria to cause disease. Supporting this notion, recent studies report that clinical genotypes of E. coli O157:H7 exhibit increased expression of pO157 genes and decreased expression of genes associated acid resistance compared to bovine-biased genotype (Vanaja et al., 2009) . Further analyses that combine PM technology with DNA microarray, whole genome sequencing, and/or gene expression are needed to detail the phenotypes of E. coli O157:H7 and predict the role in virulence and survival on the farm. -, bacteria grew the same or less than the negative control which was a well without substrate. +, bacteria grew 1-to 2-fold more than the negative control. ++, bacterial grew 2-to 3-fold more than the negative control. +++, bacteria grew >3-fold more than the negative control.
